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Summary A 13-year-old girl was admitted to our hospital because mitral P wave and ST
depression in leads II, III, aVF, and V3-6 were incidentally detected on electrocardiography at a
school health examination. Although she had noted no cardiac symptoms during club volley ball
games, the treadmill exercise test induced chest discomfort in the absence of obvious electro-
cardiographic changes. B-type natriuretic peptide was elevated at 685 pg/ml. Echocardiography
revealed left mid-ventricular hypertrophy and obstruction, sparing of the apical ventricle at
end-systole, and severe left atrial dilatation. Continuous-wave Doppler echocardiography clar-
iﬁed a peak pressure gradient of about 40mmHg between the apical and basal sites of the left
ventricle. Swan-Ganz catheterization suggested elevated atrial pressure and left ventricular
end-diastolic pressure. Left ventriculography showed an ‘‘hourglass’’ appearance. Endomy-
ocardial biopsy revealed cardiac muscle cell disarray. We diagnosed a rare pediatric case of
hypertrophic cardiomyopathy with mid-ventricular obstruction. This case reconﬁrms that elec-
trocardiography during school health examinations is a very important screening tool for the
or m
Cardetection of asymptomatic
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Hypertrophic cardiomyopathy (HCM) is a genetic disor-
der characterized by primary myocardial hypertrophy. HCM
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ccurs in about 0.2% of the general population and is the
ost common and important cause of sudden death in chil-
ren and young adults [1]. Mid-ventricular obstruction (MVO)
s a rare subtype of HCM characterized by the presence of
pressure gradient between the basal and apical sites in
he left ventricle. This obstruction is generated by mid-
entricular myocardial hypertrophy or anomalous insertion
f papillary muscles [2]. MVO-HCM has been occasionally
Published by Elsevier Ireland Ltd. All rights reserved.
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bFigure 1 Electrocardiogram showing mitral P w
eported in adults but rarely in children. Moreover, many
VO-HCM patients do not come to medical attention until
hey develop cardiac symptoms such as chest pain, dysp-
ea, palpitation, faintness, or syncope. We present a rare
ediatric case of MVO-HCM incidentally detected by elec-
rocardiography at a school health examination.ase report
13-year-old girl was admitted to our hospital because
f abnormal ﬁndings ﬁrst discovered on an electrocardio-
ram (ECG) recorded at a school health examination. She
b
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igure 2 Echocardiogram images at diastole (A) and systole (B), s
paring of the apical ventricle during systole. Color Doppler echocard
ypertrophied myocardium. Continuous-wave Doppler echocardiogra
etween the apical and basal sites of the left ventricle.and ST depression in leads II, III, aVF, and V3-6.
ad no signiﬁcant past medical history such as rheumatic
ever or Kawasaki disease. Furthermore, her family history
as negative for heart disease, sudden death, and prema-
ure death. She noted no cardiac symptoms such as chest
ain, dyspnea, palpitation, faintness, or syncope. Although
he was not an athlete, she enjoyed playing volleyball after
chool for 2—3 h, 3 times a week. Her pulse rate was 76
eats/min in a regular rhythm, and the blood pressure was
02/54mmHg. Cardiac auscultation showed no obvious mur-
ur or gallop, and pulmonary auscultation showed normal
espiratory sounds and no rales. External malformations,
keleton abnormalities, and the characteristic skin mani-
howing left mid-ventricular hypertrophy and obstruction, and
iogram image (C) showing the jet ﬂow near the mid-ventricular
m image (D) showing a peak pressure gradient of about 40mmHg
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WPediatric case of HCM with MVO
festations of Fabry’s disease were not observed. The 12
lead resting ECG revealed mitral P waves with a duration of
120ms and a terminal force of −0.15mm/s in lead V1, and
a strain pattern of ST depression and T-wave inversion in II,
III, aVF, and V3-6. In particular, the P wave in V1 was a pos-
itive followed by wide and deep negative wave, and that in
V2, 3 was prominent and high. These ECG ﬁndings suggested
bilateral atrial dilatation and non-speciﬁc myocardial dam-
age (Fig. 1). Holter ECG detected only one episode each of
premature atrial and ventricular contractions. The tread-
mill exercise test induced chest discomfort at a heart rate
of 124 bpm (10.2 METs), in the absence of obvious elec-
trocardiographic changes. Laboratory examination revealed
marked elevation of B-type natriuretic peptide (685 pg/ml).
Hepatic and renal function was normal. Transthoracic
echocardiography showed mid-ventricular hypertrophy and
obstruction. Sparing of the apical ventricle occurred at
end-systole, but no apical dyskinesis was observed. Vol-
ume of the left ventricle was normal at end-diastole (52ml)
and end-systole (17ml) using the area-length method, and
the left atrium was severely dilated (dimension index:
31.3mm/m2 and area 24.9 cm2). The end-diastolic thick-
ness of the most hypertrophied myocardium in the left
ventricular mid-portion was as follows: the interventric-
ular septum, 19mm; anterior wall, 12mm; lateral wall,
19mm; posterior wall, 19mm; and inferior wall, 12mm
(Fig. 2A and B). Color Doppler echocardiogram showed the
jet ﬂow near the mid-ventricular hypertrophied myocardium
(Fig. 2C), and continuous-wave Doppler echocardiography
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Figure 3 Left ventriculography demonstrating an ‘‘hourglass’’ app
with hematoxylin—eosin staining (C) showing the mixing of mildly
disordered arrangement, and Masson trichrome staining (D) showinge69
evealed the peak velocity of jet ﬂow was 3.2m/s, which
orresponded to a pressure gradient of 40mmHg between
he apical and basal sites of the left ventricle (Fig. 2D).
wan-Ganz catheterization revealed a pulmonary artery
ressure of 43/24mmHg and pulmonary wedge pressure of
3mmHg, which suggested elevated atrial pressure and left
entricular end-diastolic pressure. Coronary angiography
howed no signiﬁcant stenosis and dilatation. Left ventricu-
ography showed an ‘‘hourglass’’ appearance at diastole
Fig. 3A) and systole (Fig. 3B). On endomyocardial biopsy,
ematoxylin—eosin staining revealed the mixing of mildly
trophied and hypertrophied cardiac muscle cells and their
isordered arrangement (Fig. 3C), and Masson trichrome
taining demonstrated increased pericellular interstitial
brosis (Fig. 3D). The characteristic appearances of vari-
us myocardial storage diseases were not observed. From
he ﬁndings above, we diagnosed a rare pediatric case of
VO-HCM, and are presently discussing themost appropriate
herapy for her.
iscussion
e encountered a rare pediatric case of MVO-HCM inciden-
ally detected by electrocardiography at a school health
xamination.
MVO-HCM was ﬁrst reported in adults as a rare vari-
nt of hypertrophic obstructive cardiomyopathy (HOCM) in
976 by Falicov et al. [2], and since then has occasionally
earance at diastole (A) and systole (B). Endomyocardial biopsy
atrophied and hypertrophied cardiac muscle cells and their
increased pericellular interstitial ﬁbrosis.
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een reported. In contrast, a pediatric case with MVO-HCM
as not reported until 2002, by Teraguchi et al. [3] To our
nowledge, to date, only one further case report, of an 18-
ear-old male HCM patient with left mid-ventricular and
ubpulmonic obstructions, has been published [4]. These
ew reports on pediatric MVO-HCM reveal the following: (1)
yocardial hypertrophy in patients with HCM progresses in
ssociation with accelerated systemic growth and matura-
ion during adolescence, and is complete by adulthood [5].
2) Apical aneurysm grows slowly and is caused by chronic
icrovascular ischemia and increased systolic wall stress,
hich are induced by mid-ventricular hypertrophy [6].
In previous reports on HOCM including MVO-HCM, many
f the patients had some cardiac symptoms such as chest
ain, dyspnea, palpitation, faintness, or syncope. However,
lthough the present patient enjoyed playing volleyball,
he noted no chest discomfort until performing the tread-
ill exercise test. Life-threatening arrhythmia occurs most
requently in asymptomatic or mildly symptomatic young
eople with HCM such as the present patient [7]. We should
herefore monitor such patients carefully.
In this case, the detection of abnormal ﬁndings on elec-
rocardiography at a school health examination fortunately
ed to the diagnosis of MVO-HCM. The ECG is reported to
how some abnormalities in 97% of HCM patients, and the
ain abnormalities in children are ST-T-wave changes or
bnormal Q waves rather than pure voltage left ventricu-
ar hypertrophy [8]. Moreover, mitral P waves reﬂect the
ncreased left intraventricular pressure in HCM patients,
hich has been helpful for differentiation of HCM subtypes
9]. The abnormal ﬁndings in this case were consistent with
hese reports. We reconﬁrmed the importance of electro-
ardiography in HCM patients.
In adults, although the optimal therapies for MVO-HCM
ave not yet been established, many reports are available
10]. In contrast, in children, only the two above-mentioned
eports are available. One report noted that disopyramide
as effective in a 14-year-old boy who was refractory to
ropranolol [3], and the other report stated that cibenzo-
ine was effective in a 18-year-old male, who was refractory
o propranolol [4]. We are presently discussing the most
ppropriate therapy for the current patient.
[S. Okayama et al.
In conclusion, MVO-HCM can occur not only in adults but
lso rarely in children. Although many of the patients with
VO-HCM have some cardiac symptoms, the present patient
oted no cardiac symptoms in daily life or in club volley
all games. Electrocardiography at a school health exami-
ation is a very important screening tool for the detection
f asymptomatic or mild symptomatic cardiac diseases such
s in the present case.
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